There are marked variations in the incidence of different types of childhood cancers between different populations in the world. Leukemias predominate in Caucasians and are linked to high socioeconomic status while Burkitt lymphoma (BL) predominates in most developing countries and is associated with Epstein-Barr virus and chronic malaria. [8] Small round blue cell tumors (SRBCTs) are characterized as sheets of cells with small, hyperchromatic round nuclei and scanty cytoplasm and represent a diverse group of tumors which pose a number of problems in diagnosis. Today, SRBCTs are diagnosed with the use of multiple parameters of which immunohistochemistry plays an important role.
MateriaLS aNd MethodS
This is a retrospective study of 84 diagnosed cases of SRBCT in the Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife, Nigeria, between the periods of January 2002 to February 2011. The pathology reports were retrieved, and information about the age, sex, and anatomical site and clinical and histological diagnosis was extracted. The paraffin blocks of all 84 available cases of SRBCT which met inclusion criteria diagnosed in the study period were retrieved. Fresh sections were prepared and stained with hematoxylin and eosin (H and E) and examined using multi-headed light microscope (LEICA).
Immunohistochemical studies were done by the indirect immunoperoxidase method on formalin-fixed paraffin-embedded (FFPE) sections. This was carried out in collaborations with Policlinico Santa Maria Le Scotte protocol under the supervision of Prof. Lorenzo Leoncini of the Department of Human Pathology and Oncology, Anatomical Pathology Section, University of Siena, Italy.
Four-micrometer (4 µm) thick sections of FFPE tissue blocks were made and mounted on a positively charged glass slides (ProbeOn Plus; Fisher Scientific, Pittsburgh, PA, USA). The tissue sections were deparaffinized by passing them through different grades of xylene and then rehydrated in decreasing ethanol concentrations. The antigens were appropriately retrieved by heat-induced epitope retrieval one and two (HIER1 and 2) with the use of BOND-III machine by Leica. Endogenous peroxidase was blocked using 3% hydrogen peroxide. The panel of antibodies used depended on the clinical site and morphology of the lesions. The tissues were incubated with different primary antibodies and diaminobenzene, a chromogen, was used as a final substrate. Immunostaining was performed on Bond-Max automated immunostainer (Leica Microsystem, Bannockburn, IL, USA) with different antibodies including epithelial membrane antigen (EMA), glycophorin (Dako), vimentin, desmin, myogenin, pan-cytokeratin (CK), CD99, synaptophysin, glial fibrillary acidic protein (GFAP), CD56, WT1, terminal deoxynucleotidyl transferase (Tdt), CD45, CD20, CD3, CD10, B-cell lymphoma (BCL)-2, Ki-67, S-100, and CD34 (Novocastra) with control in parallel.
reSuLtS
A total of 132 cases of childhood malignant neoplasms were documented in the OAUTHC histopathology records over a 10-year period of which 109 (82.6%) cases were classified as SRBCT; acute myelocytic leukemias and glioblastoma were excluded from SRBCTs. Only 84 cases fulfilled the inclusion criteria for this study and were appropriately grouped using the WHO classification and immunohistochemistry. Of the 84 cases, 58 (68.6%) were males while 26 (31.6%) were females with male-to-female ratio of 2.1:1 [ Figure 1 ]. The mean age was 5.98 ± 3.964 years standard deviation [ Figure 1 ]. The age range at presentation was 0-15 years. The peak age incidence in both males and females was similar with highest tumor incidence found between the ages 0-5 years with frequencies of 34 (58.6%) and 12 (44.5%), respectively. This was followed by ages 6-10 years in both sexes with frequencies of 15 (25.9%) and 9 (33.3%) while the least represented tumor burden was found between ages 11-15 years with frequencies of 9 (15.5%) and 6 (22.2%), respectively. The male sex, however, appeared to have greater number of tumor burden in all age groups [ Figure 1 ].
The most common histological subtypes of SRBCT recorded in this study were retinoblastoma and Wilms' tumor with frequencies of 17 (20.0%) each, followed by BL with a frequency of 15 (17.6%). Rhabdomyosarcoma was the only soft-tissue sarcoma found with a frequency of 8 (9.8%). There was no case of Ewing's sarcoma found in this study, but 3 cases of peripheral primitive neuroectodermal tumor (p-PNET) with a frequency of 3.3% were seen. The osteosarcomas had frequency of 5 (6.1%) while diffuse large BCL (DLBCL), intermediate group lymphoma, ependymomas, and poorly differentiated carcinoma had frequencies of 2 (2.4%) each [ Table 1 ].
The most common childhood brain tumor represented was medulloblastoma with a frequency of 4 (4.9%) followed by ependymoma with a frequency of 2 (2.4%). The least represented was supratentorial central nervous system (CNS)-PNET with only one case (1.2%) [ Table 1 ]. Five cases of osteosarcoma (small cell variants) were found with a frequency of 5.9% while three cases of neuroblastoma were seen with a frequency of 3 (3.7%)
The distributions of the main tumor groups varied markedly with age and between sexes. Males had highest tumor percentages in all the different histology subtypes of SRBCTs with the exception of poorly differentiated carcinoma where both sexes had equal predilection and both cases occurred as nasopharyngeal mass [ Table 1 ].
Immunohistochemistry Retinoblastoma
All the cases of retinoblastoma occurred in age bracket of 0-5 years with a frequency of 17 (37.0%) and had a strong male preponderance. Seventeen (94.4%) of the 18 cases previously diagnosed as retinoblastoma stained positive with synaptophysin and therefore retained their final immunohistochemically confirmed diagnosis of retinoblastoma. Only one case was negative for synaptophysin but stained positive for CD45, CD20, CD10, and negative for Tdt and BCL-2. It had marked surface membrane staining pattern in CD45, CD20, and CD10 confirming its final diagnosis as BL.
Wilms' tumor
Like retinoblastoma, also accounted for 20% of overall SRBCT cases studied. Most of its presentation occurred within ages 0-5 years with a frequency of 14 (30.4%), and few cases were found between 6 and 10 years with a frequency of 3 (12.5%) [ Table 2 ]. Immunostaining for WT1 was detected in 17 cases of the 84 tumors studied. There were marked cytoplasmic and nuclear staining patterns in almost all the blastema tumor cells. The epithelial component had moderate-to-marked cytoplasmic stain for pan-CK while the stroma had moderate-to-marked stains for vimentin [ Figure 2a and b].
Rhabdomyosarcoma
Immunostaining for myogenin was detected in 8 cases of 84 tumors studied and was subtyped as rhabdomyosarcoma. Seven of these cases were formally diagnosed as rhabdomyosarcoma while only one had initial diagnosis as BL and was an intra-abdominal mass. These tumors had moderate-to-marked nuclear staining pattern with myogenin and were finally confirmed as rhabdomyosarcoma.
Brain tumors
Four cases of 84 tumors studied were finally confirmed as medulloblastoma; two of the cases had no morphologic diagnosis but were confirmed with marked cytoplasmic synaptophysin-positive stain as well as location of the tumor. All four cases were cerebellar mass lesion. Two cases of ependymomas were confirmed using marked cytoplasmic positivity for GFAP with negative EMA. One had initial diagnosis of just PNET but finally reclassified as ependymoma. One case of supratentorial CNS-PNET showed marked cytoplasmic synaptophysin-positive stain but negative stain for CD99.
Peripheral primitive neuroectodermal tumor
Three cases of p-PNET were confirmed using marked membranous CD99 positivity, morphological diagnosis, and clinical site [ Figure 3a and b].
Neuroblastoma
Accounted for 3.5% of overall tumors studied. Its peak age incidence was found between ages 0-5 and 11-15 years of life with frequencies of 1 (2.2%) and 2 (13.3%), respectively [ Table 2 ]. It had strong male preponderance with male-to-female ratio of 2:1. Three cases of neuroblastoma were also confirmed using marked membranous CD56 stain, negative pan-CK, and CD99 membranous stain with site of tumor location [ Figure 4a -d].
Poorly differentiated carcinoma
Accounted for 2.3% of overall tumor studied. It was the least represented group of SRBCT seen and had equal sex predilection. It occurred equally in ages 6-10 and 
Results of immunohistochemistry
Of the 84 cases of SRBCT that were studied using immunohistochemistry, all Wilms' tumor had WT1 values of +3. Seventy-five percent (75%) of medulloblastoma had synaptophysin, CD56, and GFAP values of 3+++ while 25% had 2++ and were all negative for EMA. Two cases of ependymomas had GFAP values of 2++ but negative stains for EMA.
Three cases of neuroblastoma had CD56 values of 3+++ but negative for pan-CK, CD99, and desmin. Three cases of p-PNETs had CD99 of 3+++ while supratentorial CNS-PNET was negative for CD99 but had synaptophysin value of 3+++. Retinoblastoma also had synaptophysin value of 3+++.
Rhabdomyosarcoma had myogenin value of 3+++ and desmin value of 2+++ while osteosarcoma had a vimentin value of 2++. Poorly differentiated carcinoma had pan-CK and EMA values of 3+++.
In lymphomas, BL, DLBCL, and intermediate group lymphoma (DLBCL/BL), all had CD45 and CD20 values of 3+++. They also had CD10 value of 3+++ while BCL-2 was negative in all cases of BL except in DLBCL and intermediate group which showed values of +1 each. However, Ki-67 had +3 value (100%) in BL but <95% in intermediate group and <90% in DLBCL.
Two cases of acute lymphoblastic lymphoma (ALL) had negative reaction in CD20 but Tdt value of +3 as well as CD3 value of +3 while one case was negative value for CD3 which had three positive values for both CD20 and Tdt.
On the whole, 36 cases had a change in diagnosis. Of these 36 cases, 23 cases had an initial, preimmunohistochemical umbrella diagnosis ranging from NHL, SRBCT, to no pathological diagnosis at all. Seven cases with initial diagnosis ranging from Ewing's sarcoma (1 case), retinoblastoma (1 case), to rhabdomyosarcoma (5 cases) were finally confirmed with immunostains as BL while one case of BL was finally confirmed as rhabdomyosarcoma. Five cases with complete missed diagnosis were shown in Table 3 .
diScuSSioN
Increasing burden of malignant tumor, including SRBCT, has necessitated the need for accurate diagnosis to determine the magnitude of the problem. Immunohistochemistry is, therefore, very important routine accessory tool in making diagnosis of SRBCT. [9] However, because of difficulty in obtaining antibodies, unavailability of power supply and its instability as well as financial constraints, this investigative tool is not established in most laboratories in Nigeria.
Several studies have implicated the usefulness and complementary role of immunohistochemistry as an adjunct to morphologic diagnosis of SRBCT. [10] Its input improves the accuracy of diagnosis and initiates appropriate therapeutic and management protocol to be applied. The work done by Naresh et al. [11] shows its application and usefulness in both resource-poor and resource-rich countries. Sebire et al. [12] who worked on immunohistochemical findings in embryonal small round cell tumors with molecular diagnostic confirmation emphasize that diagnosis of pediatric tumors relies heavily on immunostains. Leong and Wannakrairot [10] subjected 557 archival tissue blocks of poorly differentiated round cell tumors and spindle cell tumors to immunostains and had definitive diagnosis in 420 cases (75.4%). They also concluded that immunohistochemistry provided definitive diagnosis in 70% of round cell tumors and 92% of spindle cell tumors. [10] Thomas and Olu-Eddo [13] in Ibadan teaching hospital reported a positive predictive value of morphologic diagnosis of lymphoma in routine H and E sections as 60% with negative predictive value of 86.7%. The index study reported a positive predictive value of morphologic diagnosis of lymphoma and rhabdomyosarcoma, based on routine H and E-stained sections as 77.3% and 96.5%, respectively, and negative predictive values as 92.4% and 98.7%, respectively. Meanwhile, the positive predictive values based on of morphologic diagnosis of retinoblastoma, carcinoma, and nephroblastoma approached 100%. High diagnostic accuracies observed in retinoblastoma, Wilms' tumor, and carcinoma were probably due to specific clinical location of these tumors, morphology features, and epithelial differentiation in cases of Wilms' tumors and carcinomas. These epithelial tumors showed marked CK expressions. Lymphomas, which collectively stand as one of common childhood tumors, are often misdiagnosed and therefore will benefit exclusively from immunohistochemical stains. Thomas and Olu-Eddo [13] also reported that morphological diagnosis of lymphoma and rhabdomyosarcoma based on routine H and E-stained sections showed a sensitivity of 75% and 62.5% with specificity of 76.5% and 94.1%, respectively. The sensitivity values of lymphoma in this index case when subtyped into different histology groups based on H and E-stained sections dropped significantly to 0% for ALL, 46.7% for BL, and 50% for DLBCL indicating crucial need for immunohistochemical importance in definitive diagnosis of individual lymphoma tumors. Therefore, lymphomas and rhabdomyosarcoma are often misdiagnosed, and since most of these tumors constitute the commonest childhood tumor in Nigeria, immunohistochemistry must be applied as a routine technique in their diagnosis. The work done by Thomas and Olu-Eddo [13] also showed the importance of immunostains in diagnosis, where 6 out of 25 cases previously diagnosed as lymphoma had a significant change in diagnosis when immunohistochemistry was applied. The index case also showed change in diagnosis in 36 out of 84 cases when immunohistochemistry was applied.
Majority of studies revealed both in local and international journals and showed the suitability of archival tissue block specimen in our laboratory for immunohistochemistry. The index study reaffirms the suitability of archival tissue specimens in our laboratories for immunohistochemical staining as well.
Therefore, there is a need for applying routine immunostains in archival tissue blocks of small undifferentiated tumors for accurate diagnosis and proper classification. A significant number of researchers have supported the importance of immunohistochemistry as a complementary tool in routine morphological diagnosis of tumors, especially SRBCT of childhood. [9] It is, therefore, recommended that a panel of at least seven antibodies be applied in this resource deprived country like ours in making diagnosis of these tumors. These antibodies should include myogenin, CD45, CD99, synaptophysin, WT1, CK, and vimentin. However, these markers must be selected based on clinical site and morphological features. For retinoblastoma and Wilms' tumor that have specific clinical site, minimum of two markers should be recommended such as synaptophysin and WT1 and CK, respectively. However, for rhabdomyosarcoma, only myogenin is adequate in making the diagnosis, but for positive CD45 lymphomas, few other panels of immunostains such as BCL-2, Ki67, and CD10 should be added for further subclassification. We suggest further study on 5-year survival rate for these children when accurate diagnosis and proper treatment is given.
coNcLuSioN aNd recoMMeNdatioNS
Application of immunohistochemistry in this study has shown a significant improvement in the diagnostic accuracy of these undifferentiated tumors. We, therefore, recommend minimal immunopanel use in conjunction with clinical location and morphologic features as part of criteria to be considered in our poor resource setting to separate these undifferentiated SRBCTs. This will help to initiate appropriate treatment and improve health status of these children and reduce unnecessary wastage of chemotherapy given on cases of unconfirmed diagnosis.
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